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(54) Transmission system for optical time division multiplexed signal 



(57) It is the object of the present invention to pro- 
vide a transmission system that transmits a control sig- 
nal corresponding to the overhead accommodating time 
division multiplexing information at a frequency that is 
the same (or nearly the same) as that of the main signal. 
In order to attain this object, an optical transmitter broad- 
ens in a time range the optical waveform of the OTDM 
signal having a wavelength X Q and the control light hav- 
ing a wavelength ^ (= X 0 ), and multiplexes the signal 



light having an optical peak intensity set low compared 
to the OTDM signal peak intensity and sending this to 
an optical transmission fiber. An optical receiver pro- 
vides a light splitting means that splits into two parts the 
transmitted OTDM signal and the control light and out- 
puts one part thereof to an optical time division multi- 
plexing means, and at the same time restores the con- 
trol light included in the other part of the light to the orig- 
inal optical pulse train, and extracts the control informa- 
tion by converting this to an electric signal. 
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Description 

Background of the Invention 

Field of the Invention 5 

[0001] The present invention relates to an optical 
transmission system that transmits an OTDM signal (op- 
tical time division multiplexed signal) via an optical 
transmission fiber and one or both of an optical linear w 
repeater and an optical regenerator repeater, and 
wherein a control signal carrying transmission quality 
monitoring information, frame information, multiplexed 
signal channel information, etc., is transmitted by being 
multiplexed with an OTDM signal. 15 
[0002] In addition, the present invention relates to an 
optical transmission system that transmits an optical 
signal via an optical transmission fiber and optical linear 
repeaters, and wherein monitor light used in wavelength 
dispersion compensation of the transmission path is 20 
transmitted by being multiplexed with signal light. 

Background Art 

[0003] In an optical transmission system, transmis- 25 
sion quality monitoring, frame synchronization, and ex- 
tracting multiplex signal channels are very important. In 
conventional electrical time division multiplexing (ET- 
DM) that multiplexes channels with a plurality of lines at 
the electrical stage, the transmission quality monitoring 30 
information, frame information, and multiplexed signal 
channel information corresponding to each of these 
functions are accommodated in the overhead of the 
SDH frame, and by electrical signal processing after 
conversion of the signal light into an electrical signal by 35 
a light receiver, transmission quality monitoring, frame 
synchronization, and channel extraction are carried out. 
In addition, a method of improving transmission charac- 
teristics consists in lowering the error rate by adding a 
forward error correction code (see M. Tomizawa et al., *o 
"STM-64 linearly repeating optical transmission experi- 
ment using forward error correcting codes", in Electron. 
Lett., Vol. 31, No. 12, pp. 1001- 1003, 1996.) 
[0004] In contrast, in optical transmission systems, 
one method of improving the transmission speed is op- 45 
tical time division multiplexing (OTDM), which multiplex- 
es a plurality of an optical short pulses while offsetting 
the timing along the time axis. Furthermore, for optical 
time division multiplexing, there is the parallel form 
shown in Fig. 18 (see Japanese Unexamined Patent Ap- so 
plication, First Publication, No. Hei 10-229364, "Optical 
Pulse Multiplexing Apparatus") and the serial form 
shown in Fig. 19 (see S. Kawanishi et al., "All-optical 
time-division-multiplexing of 100 Gbit/s signal based on 
four-wave mixing in a travelling-wave semiconductor la- 55 
ser amplifier", Electron. Lett., Vol. 33, No. 11, pp. 976 - 
977, 1997). 

[0005] In Fig. 18, the optical pulse train of the repeti- 



tion rate f 0 is split into N parts by an optical splitter 61, 
and input into respective optical modulators 62-1 - 
62-N. The optical signals modulated by each optical 
modulator are respectively amplified by optical amplifi- 
ers 63-1 ~ 63-N, have a different delay imparted by op- 
tical delay devices 64-1 - 64-N, and are coupled by an 
optical coupler 65. Thereby, an OTDM signal having a 
bit rate of Nf 0 is generated. When the bit rates of all the 
lines are equal, this structure can generate an OTDM 
signal that time division multiplexes N lines of optical 
signals having arbitrary bit rates by respectively multi- 
plying the optical pulse train having a fundamental fre- 
quency f 0 split into N parts, in the case that the N lines 
of a modulated signal having has a bit rate mjf 0 (i = 1, 

2 N, and rrij is an integer equal to or greater than 1). 

[0006] In Fig. 19, an optical pulse train having a rep- 
etition rate Imfo is generated by a high speed optical 
pulse train generating means 66, and modulated by an 
optical modulator 67-1 using a modulation signal having 
a bit rate of m^g, and amplified by optical amplifier 68-1 . 
In the following manner, it is possible to generate an OT- 
DM signal that has a time division multiplexed signal 
light of N lines by sequential modulation using modula- 
tion signals respectively having bit rates mjf 0 with each 
modulator. 

[0007] In addition, in optical transmission systems, 
one of the main factors causing deterioration of trans- 
mission characteristics is the wavelength dispersion of 
the optical transmission path. When this wavelength dis- 
persion is large, because the waveform of the signal 
light is distorted, inter-symbol interference causes bit er- 
rors. The influence of this increases as the transmission 
speed increases. Therefore, when constructing an op- 
tical transmission system, it is necessary to understand 
the wavelength dispersion characteristics of the optical 
transmission path and carry out dispersion compensa- 
tion. 

[0008] A conventional means for measuring wave- 
length dispersion when implementing a system, as 
shown in Fig. 20, is measuring the zero-dispersion 
wavelength of the optical transmission path using a PM- 
AM converter, and using this to determine the amount 
of wavelength dispersion (see M. Tomizawa, et al., 
"Nonlinear influence on PM-AM conversion measure- 
ment of group velocity dispersion in optical fibers", Elec- 
tron. Lett, Vol.30, No.17, pp. 1434-1435,1994). 
[0009] In Fig. 20, CW light having a wavelength ^ 
output from the monitor light generation means 71 of the 
optical transmitter is input into an optical phase modu- 
lation means 72, and monitor light having applied a 
phase modulation of frequency co 1 is sent to the optical 
transmission fiber 73. The monitor light is sent via an 
optical transmission fiber 73 and an optical linear re- 
peater 74, amplified by the optical amplifier 75 of the 
optical receiver, and received by an optoelectric conver- 
sion means 76. At this time, due to the wavelength dis- 
persion that the monitor light undergoes in the optical 
transmission fiber 73, an intensity modulation compo- 
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nent of frequency depending on phase modulation 
appears. 

[0010] Because this intensity amplitude depends on 
the amount of wavelength dispersion the light of fre- 
quency X^ receives over the entire optical transmission 
fiber, if intensity amplitude information from an electric 
signal output from the optoelectric conversion means 76 
of the monitor clock detection means 77 is extracted, 
the average amount of the wavelength dispersion over 
the entire optical transmission fiber can be known. This 
information is fed back to the monitor light generation 
means 71 using the wavelength dispersion compensa- 
tion amount control means 78, and by carrying out the 
same measurement a number or times by changing the 
wavelength of input light, it is possible to set an arbitrary 
wavelength that is suited for the optical transmission fib- 
er that has been introduced into the system. Normally, 
by matching the average zero dispersion wavelength of 
the optical transmission fiber as a whole, it is possible 
to minimize the amount of dispersion of the optical trans- 
mission fiber, 

[0011] However, in high speed transmission systems 
of 40 Gbit/s or greater, adjusting dispersion equalization 
that optimally compensates the wavelength dispersion 
in real time is necessary as a measure against time de- 
pendent fluctuation of the wavelength dispersion due to 
temperature fluctuation. As a conventional applied dis- 
persion equalization method used while a system is in 
operation, a method, as shown in Fig. 21 , has been pro- 
posed in which monitor light having a wavelength differ- 
ing from that of the signal light is wavelength multiplexed 
with the signal sight and transmitted, the monitor light 
only is separated by a wavelength filter from the wave- 
length multiplexed light optically split at the receiver, and 
the amount of wavelength dispersion is measured (see 
Kuwahara et al. f "Study of adjusting dispersion equali- 
zation by dispersion fluctuation detection using the PM 
- AM conversion effect", Electronic Information Commu- 
nication Association Technical Research Report OCS 
98-5 [in Japanese]). 

[001 2] In Fig. 21 , the signal light generation means 81 
outputs a signal light having a wavelength X Q . The mon- 
itor light generation means 82 outputs a CW light having 
a wavelength of X 1 (* X 0 ), and the optical phase modu- 
lation means 83 generates monitor light by applying a 
phase modulation of frequency <o 1 to the CW light. The 
signal light and the monitor light are multiplexed by the 
optical coupling means 84, and transmitted via an opti- 
cal transmission fiber 85 and an optical linear repeater 
86. At this time, the pulse width of the signal light broad- 
ens due to the wavelength dispersion received from the 
entire optical transmission fiber, and an intensity modu- 
lation component having frequency co 1t which depends 
on the phase modulation, appears in the monitor light. 
[0013] The transmitted signal light and monitor light 
are amplified by the optical amplifier 87 of the optical 
receiver, and split into two parts by the optical splitting 
means 88. One of the parts is input into the optical band 



4 

pass filter 89 that passes a wavelength X^ and thereby 
only the monitor light is extracted, while the signal light 
is transmitted. This monitor light is converted into an 
electrical signal by the optoelectric conversation means 

5 90. Because the intensity amplitude of the monitor light 
is dependent on the amount of wavelength dispersion 
the light of wavelength X^ receives over the entire optical 
transmission fiber, if intensity amplitude information is 
extracted from the electric signal output from the opto- 

10 electric conversion means 90 at the monitor clock de- 
tection means 91, the amount of the average wave- 
length dispersion of the entire optical transmission fiber 
can be known. This information is fed back to the mon- 
itor light generation means 82 using the wavelength dis- 

15 persion compensation amount control means 92, and 
by carrying out the same measurement a number or 
times by changing the wavelength of input light, it is pos- 
sible to set an optimal transmission wavelength by track- 
ing the zero dispersion wavelength fluctuation while the 

20 system is in operation. 

[0014] In this connection, in the conventional OTDM 
format, an optical pulse signal is only multiplexed and 
dispersed on a time axis, and does not have the over- 
head that ETDM does. Therefore, there has been al- 

25 most no study of monitoring transmission quality and 
frame synchronization, extraction of multiplexed chan- 
nels, or the transmission of forward error correcting 
codes. 

[0015] In contrast, a method of transmitting forward 
30 error correction codes without using overhead or redun- 
dant bit sequences has been proposed. This method re- 
stricts the bit rate increase due to the foreword correc- 
tion bit sequence of the main signal by wavelength mul- 
tiplex transmission of the forward error correction code 
35 by a control signal having a wavelength that differs from 
the main signal (see Japanese Unexamined Patent Ap- 
plication, First Publication, No. Hei 11-32008, "Optical 
Transmission Apparatus"). For example, control infor- 
mation is carried and transmitted on the monitor light 
40 shown in Fig. 21 , and when this method is used, forward 
error correction without overhead is possible for the OT- 
DM format as well. 

[0016] However, in the wavelength multiplex trans- 
mission of the main signal and the control signal, be- 

45 cause two waves must transit the optical band pass filter 
provided in the optical linear repeater, compared to the 
bit rate of the main signal, a broad bandwidth is neces- 
sary. Due to this, there is the problem that the exclusion 
effect of the ASE (amplified spontaneous emission) the 

50 optical amplifier generates is reduced, and the transmis- 
sion characteristics deteriorate. Furthermore, the faster 
the bit rate becomes, the larger the influence of the 
wavelength dispersion of the optical transmission fiber 
becomes, and the phase difference between the two 

55 waves of the main signal and the control signal exceeds 
one bit. Thus there is the problem that correct forward 
error correction cannot be carried out. 
[0017] It is an object of the present invention to pro- 
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vide an optical transmission system that can transmit 
control signal light corresponding to the overhead ac- 
commodating the transmission quality monitoring infor- 
mation, frame information, multiplexed signal channel 
information, etc., at the same (or nearly the same) wave- 
length as the OTDM signal. 

[0018] In addition, as shown in Fig. 21, in an optical 
transmission system that transmits by wavelength mul- 
tiplexing a signal light having a wavelength of Xq and 
monitor light having a wavelength of and carries out 
wavelength dispersion compensation using the monitor 
light, the wavelength dispersion compensation is always 
to the monitor light wavelength, the offset of the amount 
of wavelength dispersion of the monitor light wavelength 
and the signal light wavelength is known in advance, 
and based on this, control of the signal light wavelength 
of the signal light generation means 81 was necessary. 
[0019] In addition, in order to wavelength multiplex 
and transmit the signal light wavelength and the monitor 
light having a difference wavelength, as described 
above, wide band characteristics were required of the 
optical linear repeater 86. Due to this, the influence of 
ASE generated by the optical amplifier becomes large, 
and there is the concern of the deterioration of the signal 
characteristic. 

Summary of the Invention 

[0020] It is an object of the present invention to pro- 
vide an optical transmission system that monitors the 
amount of wavelength dispersion using monitor light 
having the same (or nearly the same) wavelength as the 
signal light, and always carries out optical wavelength 
dispersion compensation. 

[0021] In order to solve the above-described prob- 
lems, the first aspect of the invention is characterized in 
an optical transmitter providing: an optical time division 
multiplexed signal generating means that outputs an 
OTDM signal having a wavelength Xq that has a time 
division multiplexed signal light having N lines and hav- 
ing a bit rate nrijf 0 that is an integral multiple of the fun- 
damental frequency f 0 , a control light generation means 
that generates control signal light wherein an optical 
pulse train, having a wavelength X 1 equal or almost 
equal to the wavelength of the OTDM signal and having 
a bit rate kf 0 that is an integral multiple of the fundamen- 
tal frequency f 0 or a bit rate yk that is a unit fraction of 
an integral number of the fundamental frequency f 0 that 
are synchronized with the OTDM signal, is modulated 
by control information of said OTSM signal, an optical 
pulse broadening means that broadens the optical pulse 
waveform of the control signal in a time range, and out- 
puts a control signal having an optical peak intensity set 
sufficiently low in comparison to the OTDM signal peak 
intensity, and an optical coupling means that multiplexes 
the OTDM signal and the control light and delivers them 
to the optical transmission fiber. Furthermore, the first 
invention is characterized in an optical receiver provid- 



ing: a light splitting means that splits into two parts the 
transmitted light, an optical pulse narrowing means that 
restores the control light induced in a part of the light 
split by the optical splitting means to the original optical 
5 pulse train, an optoelectric conversion means that con- 
verts the output light of the optical pulse narrowing 
means to an electric signal, a control signal processing 
means that extracts from the electrical signal informa- 
tion relating to the optical time division multiplexing of 
10 the OTDM signal and control information such as the 
timing clock, etc., and an optical time division multiplex- 
ing means that, depending on the control information, 
carries out optical time division demultiplexing of the 
OTDM signal included in other portion of light split into 
15 an N line signal light by the optical splitting means. 
[0022] The optical transmission system of the first as- 
pect of the invention can transmit control signals corre- 
sponding to the overhead accommodating transmission 
quality monitoring information, frame information, mul- 
tiplexed signal channel information, etc, at the same or 
nearly the same wavelength as the OTDM signal. In ad- 
dition, using an optical linear repeater or an optical re- 
generator repeater, it is possible to use an optical band 
pass filter having the minimal necessary bandwidth 
through which the OTDM signal and the control light can 
pass, and it is possible to realize transmission charac- 
teristics that are little influenced by the ASE generated 
by optical amplifiers. 

[0023] Furthermore, for each optical linear repeater, 
by improving the S / N ratio of the OTDM signal and the 
control signal, it is possible to reduce the influence of 
non-linear optical effects such as self-phase modulation 
and inter-bit four wave mixing light, and it is possible to 
implement long distance transmission. 
[0024] In addition, the first aspect of the invention is 
characterized in providing in a part or all of a plurality of 
optical linear repeaters: an optical splitting means that 
splits transmitted light into two parts, a first optical signal 
regeneration means that regenerates the OTDM signal 
included in one part of the light split by the optical split- 
ting means, an optical pulse narrowing means that re- 
stores the control signal included in the other part of the 
light split by the optical splitting means to the original 
optical pulse train, a second optical pulse regenerating 
means that regenerates the optical pulse train of the 
control light output from the optical pulse narrowing 
means, an optical pulse broadening means that broad- 
ens the optical pulse waveform of the regenerated con- 
trol light in a time range, and outputs the control light 
having an optical peak intensity set sufficiently low com- 
pared to the OTDM signal peak intensity, and an optical 
coupling means that multiplexes the regenerated OTDM 
signal and the control light and delivers them to the op- 
tical transmission fiber. 

[0025] The optical transmission system of the second 
aspect of the invention is characterized in an optical 
transmitter providing: an signal light generation means 
that generates signal light having a wavelength Xq and 
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a bit rate f 0 , a monitor light generating means that gen- 
erates monitor light of an optical pulse train having a 
wavelength X 1 equal to or almost equal to the wave- 
length of the signal light and having a repetition rate f 1f 
an optical pulse broadening means that outputs monitor 
light having an optical peak intensity set sufficiently low 
compared to the signal light peak intensity, and an op- 
tical coupling means that multiplexes signal light and 
monitor light output from the optical pulse broadening 
means and delivers the monitor light to the optica! trans- 
mission fiber. Furthermore, the optical transmission sys- 
tem of the second invention is characterized in an optical 
receiver providing: a wavelength dispersion adjustment 
means that provides wavelength dispersion to the de- 
livered light, an optical splitting means that splits into 
two parts the output light of the wavelength dispersion 
adjustment means and outputs one part to a signal light 
processing means that carries out reception processing 
of the signal light, an optical pulse narrowing means that 
restores the monitor light included in the other part of 
the light split by the optical splitting means to the original 
optical pulse train, an optoelectric conversion means 
that converts the output light of the optical pulse narrow- 
ing means into an electric signal, a monitor clock detec- 
tion means that detects the clock component of the mon- 
itor light from the electric signal, and a wavelength dis- 
persion compensation amount control means that con- 
trols the wavelength dispersion compensation amount 
of the wavelength dispersion adjustment means so that 
the clock component is maximized. 
[0026] According to the second aspect of the inven- 
tion, it is possible to monitor the wavelength dispersion 
compensation amount using monitor light having the 
same or nearly the same wavelength as the signal light, 
and always maintain it at the optimal value. Further- 
more, with an optical linear regenerator it is possible to 
use an optical band pass filter having the lowest neces- 
sary bandwidth to transmit the signal light and the mon- 
itor light, and it is possible to realize transmission char- 
acteristics that are little influenced by the ASE generat- 
ed by optical amplifiers. 

[0027] In addition, the second aspect of the invention 
is characterized in a structure in which a wavelength dis- 
persion compensation amount control means controls 
the wavelength of the signal light generating means and 
the monitor light generating means of the light transmit- 
ter so that the clock component detected by the monitor 
detection means is largest, instead of providing a wave- 
length dispersion adjustment means in the optical re- 
ceiver. 

[0028] Furthermore, the second aspect of the inven- 
tion is characterized providing in a partorall of a plurality 
of optical linear repeaters: a wavelength dispersion ad- 
justment means that provides wavelength dispersion to 
the delivered light, an optical splitting means that splits 
into two parts the output light of the wavelength disper- 
sion adjustment means and outputs this part to the op- 
tical transmission fiber, an optical pulse narrowing 



means that restores the monitor light included in the oth- 
er part of the light split by the optical splitting means to 
the original optical pulse train, an optoelectric conver- 
sion means that converts the output light of the optical 

5 pulse narrowing means to an electric signal, a monitor 
clock detection means that detects the clock component 
of the monitor light from the electric signal, and a wave- 
length dispersion compensation amount control means 
that controls the wavelength dispersion compensation 

10 amount of the wavelength dispersion adjustment means 
so that the clock component is maximal. 

Brief Description of the Drawings 

15 [0029] Fig. 1 is a block diagram showing a first em- 
bodiment of the optical transmission system of the 
present invention. 

[0030] Fig. 2A is a drawing showing an example of a 
first structure of the optical pulse broadening means 13 
20 (encoding method). 

[0031] Fig. 2B is a drawing showing an example of a 
first structure of the optical pulse narrowing means 24 
(encoding method). 

[0032] Fig. 3A is a drawing showing an example of a 
25 second structure of the optical pulse broadening means 
13 (encoding method). 

[0033] Fig. 3B is a drawing showing an example of a 
second structure of the optical pulse narrowing means 
24 (encoding method). 
30 [0034] Fig. 4A is a drawing showing an example of a 
third structure of the optical pulse broadening means 13 
(encoding method). 

[0035] Fig. 4B is a drawing showing an example of a 
third structure of the optical pulse narrowing means 24 
35 (encoding method). 

[0036] Fig. 5A is a drawing showing an example of a 
fourth structure of the optical pulse broadening means 
13 (wavelength dispersion application method). 
[0037] Fig. 5B is a drawing showing an example of a 
40 fourth structure of the optical pulse narrowing means 24 
(wavelength dispersion application method). 
[0038] Fig. 6 is a block diagram showing a second em- 
bodiment of the optical transmission system of the 
present invention. 
45 [0039] Fig. 7 is a drawing showing an example of a 
structure of the optical signal regeneration means 27. 
[0040] Fig. 8 is a block diagram showing a third em- 
bodiment of the optical transmission system of the 
present invention. 
50 [0041] Fig. 9 is a block diagram showing a fourth em- 
bodiment of the optical transmission system of the 
present invention. 

[0042] Fig. 10 is a block diagram showing a fifth em- 
bodiment of the optical transmission system of the 
55 present invention. 

[0043] Fig. 11 is a block diagram showing a sixth em- 
bodiment of the optical transmission system of the 
present invention. 
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[0044] Fig. 12A is a drawing showing an example of 
the structure of the monitor clock detection means 43. 
[0045] Fig. 12B is a drawing showing the electrical 
spectrum of the electric signal output from the optoelec- 
tric conversion means 25. 

[0046] Fig. 1 2C is a drawing showing the wavelength 
dispersion characteristics of the monitor light. 
[0047] Fig. 13 is a block diagram showing a seventh 
embodiment of the optical transmission system of the 
present invention. 

[0048] Fig. 14 is a block diagram showing a eighth 
embodiment of the optical transmission system of the 
present invention. 

[0049] Fig. 15 is a block diagram showing a ninth em- 
bodiment of the optical transmission system of the 
present invention. 

[0050] Fig. 16 is a block diagram showing a tenth em- 
bodiment of the optical transmission system of the 
present invention. 

[0051] Fig. 17 is a drawing showing an example of the 
structure of the pre-broadening method in the tenth em- 
bodiment. 

[0052] Fig. 18 shows an example of the structure (par- 
allel type) of the time division multiplexing signal gener- 
ation means. 

[0053] Fig. 19 shows an example of the structure (se- 
rial type) of the time division multiplexing signal gener- 
ation means. 

[0054] Fig. 20 is a block diagram showing a first ex- 
ample of a conventional structure that measures the 
wavelength dispersion of an optical transmission sys- 
tem. 

[0055] Fig. 21 is a block diagram showing a second 
example of a conventional structure that measures the 
wavelength dispersion of an optical transmission sys- 
tem. 

Detailed Description of the Invention 

[0056] Fig. 1 shows a first embodiment of the optical 
transmission system of the present invention. 
[0057] In the figure, the optical transmitter 1 and the 
optical receiver 2 are connected via the optical trans- 
mission fiber 3 and the optical linear repeater or an op- 
tical regenerator repeater. The optical transmitter 1 is 
constructed from an optical time division multiplexing 
signal generating means 11, a control light generation 
means 12, an optical pulse broadening means 13, and 
an optical coupling means 14. The optical receiver 2 is 
constructed from an optical amplifier 21 , an optical split- 
ting means 22, an optical time division demultiplexing 
means 23, an optical pulse narrowing means 24, an op- 
toelectric conversion means 25, and a control signal 
processing means 26. 

[0058] The time division multiplexing signal generat- 
ing means 11, using the same structure as the conven- 
tional one, outputs an OTDM signal having a wave- 
length \q and a bit rate Imjf 0 . The control light generat- 



ing means 12 generates an optical pulse train having a 
wavelength of (* X 0 ) and a repeating frequency kf 0 
that is an integral multiple of the fundamental frequency 
synchronous to the OTDM signal, and outputs it after 
5 intensity modulation or phase modulation by information 
related to optical time division multiplexing (the head po- 
sition of the frame, the bit rate of each channel, the ar- 
rangement of the channels, etc.) and transmission qual- 
ity monitoring information, etc. In addition, the control 
10 light can be intensity modulated or phase modulated so 
that the control light has a timing clock component that 
is an integral multiple of hf 0 (h is an integer equal to or 
greater than 1) of the fundamental frequency. 
[0059] In the control light generating means 12, the 
15 optical time division multiplexing signal generating 
means 11 can generate the optical pulse train from a 
different pulse light source, and can use the optical 
pulse train having a repetition rate f 0 from the pulse light 
source of the optical time division multiplexing signal 
generating means 11 and obtained by splitting using the 
optical splitting means, or an optical pulse train that is a 
multiple or fraction of this. 

[0060] The optical pulse broadening means 1 3 broad- 
ens the optical pulse waveform of the control light in a 
time range, and outputs a control signal having a peak 
intensity sufficiently low compared to the peak intensity 
of the OTDM signal. The OTDM signal and the control 
light are multiplexed by the optical coupling means 14, 
and delivered via the optical transmission fiber 3 and the 
optical linear repeater or the optical regenerator repeat- 
er 4. Moreover, when the control signal light carries the 
frame information of the OTDM signal and the forward 
error correction code, it is necessary to design the opti- 
cal transmitter 1 so that this part conforms to the frame 
phase of the OTDM signal during multiplexing. 
[0061] In addition, the polarization relation between 
the OTDM signal and the control light can be arbitrary 
when incident on the optical coupling means 14, but in 
particular if it is set so that each is in a mutually orthog- 
onal state to the other, it is possible to minimize the in- 
terference between the OTDM signal and the control 
light. 

[0062] In addition, it is possible to use an optical band 
pass filter having a minimum bandwidth in the optical 
linear repeater or the optical regenerator repeater be- 
cause the OTDM signal and the control light have almost 
the same wavelength. Thereby, in comparison with the 
conventional method using a control light having a 
wavelength different from that of the OTDM signal, it is 
possible to cut out with good efficiency the ASE gener- 
ated by the optical amplifiers, and thus improve the 
transmission characteristics. 

[0063] The transmitted OTDM signal and the control 
light are split into two parts by the optical splitter 22 after 
being optically amplified by the optical amplifier 21 . One 
of the two split parts of the OTDM signal and the control 
light are input into the optical pulse narrowing means 
24. The optical pulse narrowing means 24 restores the 
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control signal having wavelength ^ broadened in a time 
range to the original pulse line. This optical pulse nar- 
rowing means 24 works as an optical pulse broadening 
means for the OTDM signal, and the waveform of the 
OTDM signal having a wavelength Xq is broadened in a 
time range and output, and thus it is possible to regen- 
erate only the control light In addition, the other of the 
two split parts of the OTDM signal and the control light 
are input into the optical time division demultiplexing 
means 23, but because the control light intensity is low 
compared to the OTDM signal intensity, it is possible to 
regenerate only the OTDM signal. 
[0064] The control light having a wavelength X, 1 re- 
stored by the optical pulse narrowing means 24 is con- 
verted into an electric signal by the optoelectric conver- 
sion means 25, and the information related to the optical 
time division multiplexing transmitted by the control light 
(frame head position, the bit rate of each channel, the 
arrangement of the channels, etc.) and the transmission 
quality monitoring information, etc., are read by the con- 
trol signal processing means 26. In addition, when the 
control light is set so as to have a timing clock compo- 
nent on the transmitting side, this timing clock is extract- 
ed and sent to the optical time division demultiplexing 
means 23. Moreover, when the control light carries the 
frame information, the forward error correction code, 
etc., of the OTDM signal, it is necessary to design the 
optical receiver 2 so that the timing for transmitting the 
extracted information to the optical time division demul- 
tiplexing means 23 conforms to the frame phase of the 
OTDM signal. 

[0065] The optical time division demultiplexing means 
23 separates the OTDM into an N line channel accord- 
ing to the timing clock and the optical time division de- 
multiplexing control signal from the control signal 
processing means 26. An optical separation circuit us- 
ing a nonlinear optical loop mirror, for example, (see K. 
Uchiyama et al., "100 Gbit/s to 6.3 Gbit/s demultiplexing 
experiment using polarization-independent nonlinear 
optical loop mirror", Electron. Lett., Vol. 29, pp. 873 - 
875, 1994), and an optical separation circuit using the 
four wave light mixing effect (see P. A. Andrekson et al., 
"16 Gbit/s all-optical demultiplexing using four wave 
mixing", Electron. Lett., Vol. 27, pp. 922 - 924, 1 991 ) can 
be used as an optical time division demultiplexing 
means 23. 

[0066] Thereby, using control light having a wave- 
length equal to or almost equal to that of the OTDM sig- 
nal, it is possible to realize a time division multiplexing 
transmission system that can transmit control informa- 
tion for optical time division multiplexing, such as frame 
detection, channel regeneration, transmission quality 
monitoring, and a timing clock. In addition, the above 
explanation was given in terms of an application to the 
time division multiplexing format, but it can be applied 
in the same manner to RZ, NRZ, etc., time division mul- 
tiplexing format at the electric stage. 
[0067] The optical encoding method and the wave- 



length dispersion application method can be used as 
methods to broaden the optical pulse in the optical pulse 
broadening means 13. The reverse optical encoding 
method and reverse wavelength dispersion application 
5 method can be used as optical pulse narrowing methods 
in the optical pulse narrowing means 24. 
[0068] In the optical encoding method, as shown in 
Fig. 2A, the optical frequency component of the optical 
pulse is divided into a plurality of parts by the optical 
10 wavelength division demultiplexer 31 -1 , a phase modu- 
lation of differing amounts is imparted to each of the fre- 
quency components by a degree of phase modulation 
based on the fixed coding sequence by the phase mod- 
ulators 32-1 - 32-n, and by multiplexing each of the fre- 
ts quency components by the optical wavelength division 
multiplexer 34-1, the optical waveform is broadened on 
the time axis. In addition to this method, it is also possi- 
ble to use the method of imparting an amount of intensity 
modulation differing for each of the frequency compo- 
20 nents by the intensity modulators 35-1 - 35-n, as shown 
in Fig. 3A, and the method of imparting differing 
amounts of phase modulation and intensity modulation 
to each of the frequency components by the phase and 
intensity modulators 37-1 - 37-n, as shown in Fig. 4A. 
25 [0069] In the reverse encoding method, as shown in 
Fig. 2B, the frequency component of the optical pulse is 
divided into a plurality of parts by the optical wavelength 
division demultiplexer 31-2, phase modulation of differ- 
ing amounts is imparted to each of the frequency com- 
30 ponents by the degree of phase modulation based on 
the fixed coding sequence, which are the phase modu- 
lators 33-1 - 33-n, and by multiplexing each of the fre- 
quency components by the amount of phase modulation 
set based on the encoding sequence that is the reverse 
35 of the optical pulse broadening means by the phase 
modulators 33-1 ~ 33-n, the optical waveform is re- 
stored to its original form on the time axis. In addition to 
this method, it is also possible to use the method of im- 
parting an amount of intensity modulation differing for 
40 each of the frequency components by intensity modula- 
tors 36-1 ~ 36-n, as shown in Fig. 3A, and the method 
of imparting differing amounts of phase modulation and 
intensity modulation to each of the frequency compo- 
nents by the phase and intensity modulators 38-1 ~ 
45 38-n, as shown in Fig. 4A. 

[0070] In the optical pulse broadening means 13, the 
optical encoding method and the optical pulse narrow- 
ing method by the optical reverse encoding method 
shown in Fig. 2A, Fig. 2B, Fig. 3A, Fig. 3B, Fig. 4A, and 
50 Fig. 4B, make it possible to use a spatial phase modu- 
lator (see J.A. Salehi, "Coherent Ultrashort Light Pulse 
Code-Division Multiple Access Communication Sys- 
tems", J. Lightwave Technol., Vol. 8, No. 3, pp. 478 - 
491, 1990) and a PLC phase modulation circuit (see 
55 Takiguchi et al., "The principles and experiments of co- 
herent optical CDMA using an array waveguide lattice 
pair", Electronics Information Communication Associa- 
tion, Spring 1998, C-3-115 [in Japanese]). 
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[0071] The wavelength dispersion application meth- 
od, as shown in Fig. 5A, reduces the optical peak inten- 
sity by broadening the pulse width according to the 
amount of its wavelength dispersion by the wavelength 
dispersion application means 39 applying a specified 
wavelength dispersion amount (D (ps / nm)) to the op- 
tical pulse. Moreover, the wavelength dispersion appli- 
cation means 39 must have a sufficiently large amount 
of wavelength dispersion so that the control light peak 
intensity during broadening becomes smaller than the 
OTDM signal peak intensity by one or more digit. Fur- 
thermore, by the optical pulse width during broadening 
becoming smaller than the repeating period of the input 
optical pulse train, the interference between adjacent 
pulses becomes small, and it is possible to generate a 
stable control light, having small intensity fluctuations. 
[0072] The reverse wavelength dispersion application 
method, as shown in Fig. 5B, restores the optical pulse 
train by the wavelength dispersion application means 40 
applying a specified wavelength dispersion amount (-D 
(ps / nm)) of the coding that is the reverse of that of the 
wavelength dispersion application means 39. In the 
wavelength dispersion application means 39 and 40, it 
is possible to use an optical fiber, a chirped optical fiber 
grating (see K. O. Hill, "Aperiodic Distributed-Parameter 
Waveguide for Integrated Optics", Appl. Opt., Vol. 13, 
No. 8, pp. 1853 - 1856, 1974), etc. 
[0073] Fig. 6 shows a second embodiment of the op- 
tical transmission system of the present invention. 
[0074] This embodiment is characterized in an optical 
signal regeneration means 27 that regenerates in the 
optical domain the light of the superimposed OTDM sig- 
nal and control light being disposing before the optical 
time division demultiplexing means 23 of the optical re- 
ceiver 2, eliminating the low-level control light compo- 
nent, and inputting only the high-level OTDM signal 
component to the optical time division demultiplexing 
means 23. Thereby, the S / N ratio is improved, and it is 
possible to realize an optical transmission system with 
good transmission characteristics. 
[0075] As the optical signal regeneration means 27, it 
is possible to use saturable absorbing body (see Hirano, 
et al, "Optical processing technology using high speed 
saturable absorbing body type optical gate and its ap- 
plication to optical identification and optical time division 
separation circuits", Electrical Information Communica- 
tion Association Research Report OCS 96-29 [in Japa- 
nese]), a nonlinear amplifying loop mirror (NALM) (see 
M. E. Fermann et al., "Nonlinear amplifying loop mirror", 
Opt. Lett., Vol. 15, No. 13, pp. 752-754, 1990), and 2R 
or 3R optical signal processing using a light transverse 
injection-type bistable laser (see Nonaka et al., "Optical 
signal processing using a laser-type optical switch", 
Electrical Information Communication Association Re- 
search Report OCS 97-109 [in Japanese]). 
[0076] In addition, it is possible to use a method that 
employs the difference in nonlinear optical effects due 
to differences in the peak power of the OTDM signal and 



the control light. For example, as in the structure shown 
in Fig. 7, when the light made up of the overlapping of 
the OTDM signal and the control light is amplified by the 
optical amplifier 51 and input into the nonlinear optical 

5 medium 52, the spectral spread of the OTDM signal hav- 
ing the peak power becomes great due to self-phase 
modulation or mutual-phase modulation (see P. V. 
Mamyshev, "All-Optical Regeneration Based on Self- 
phase Modulation Effect", ECOC98, Vol. 1, pp. 

10 475-476, 1998). Thus, by cutting off one part of the 
broadened spectrum by an optical band pass filter 53, 
it is possible to obtain an OTDM signal having the influ- 
ence of the control light reduced. 
[0077] In addition, when frame information and a tim- 

15 ing clock are necessary for the optical signal regenera- 
tion means 27, the frame information and the timing 
clock detected by the control signal processing means 
26 are input. As this kind of optical signal regeneration 
means 27, a phase sensitive optical amplifier (PSA) 

20 (see Japanese Unexamined Patent, First Publication, 
NO. Hei 9-222622, "An Optical Amplifier and an Optical 
Amplifier Transmission System"), or a nonlinear optical 
loop mirror (NOLM) (see J.J. Doran, "Nonlinear-optical 
loop mirror", Opt. Lett., Vol. 13, No. 1 , pp. 56-58, 1988) 

25 can be used. 

[0078] Fig. 8 shows a third embodiment of the optical 
transmission system of the present invention. 
[0079] This embodiment is characterized in an optical 
signal regeneration means 27 that regenerates in the 

30 optical domain the light of the superimposed OTDM sig- 
nal and control light being disposing before the optoe- 
lectric conversation means 25 of the optical receiver 2, 
eliminating the OTDM signal component whose peak in- 
tensity has become lowered due to the optical pulse nar- 

35 rowing means 24, and inputting only the control light 
component having a high level into the control signal 
processing means 26. Thereby, the identification of the 
control light is easy. 

[0080] As the optical signal regeneration means, as 

40 shown in the second embodiment, it is possible use sat- 
urable absorbing body using the semiconductor, a non- 
linear amplifying loop mirror (NALM), 2R and 3R optical 
signal processing using a light transverse injection-type 
bistable laser, a method using the difference in nonlinear 

45 optical effects due to the difference in peak power be- 
tween the OTDM signal and the control light (here, the 
control light having a high peak power causes spectral 
broadening, and the control signal light for which the in- 
fluence of the OTDM signal is decreased is obtained). 

50 Moreover, it is possible to dispose the optical signal re- 
generation means 27 before both the optical time divi- 
sion demultiplexing means 23 of the optical receiver and 
the optoelectric convention means 25. 
[0081] Fig. 9 shows a fourth embodiment of the optical 

55 transmission system of the present invention. 

[0082] The present embodiment is characterized in 
carrying out regeneration of the OTDM signal and the 
control light by optical signal regenerators 4 that are in- 
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serted at appropriate intervals on the optical transmis- 
sion fiber 3 connecting the optical transmitter 1 and the 
optical receiver 2. 

[0083] The OTDM signal and the signal light input into 
the optical regenerator 4 are split into two parts by the 
optical splitting means 22, and one part of the OTDM 
signal and the signal light is input into the optical pulse 
narrowing means 24. The optical pulse narrowing 
means 24 restores the control light broadened in a time 
range to the original optical pulse train, and broadens 
the OTDM signal in a time range. It is possible to use 
the structures shown in Figs. 2A - 5, corresponding to 
the optical pulse broadening means 13 of the optical 
transmitter 1 as the optical pulse narrowing means 24. 
The restored control light is converted to an electrical 
signal by the optoelectric conversion means 25, and the 
information related to the optical time division multiplex- 
ing (frame head position, the bit rate of each channel, 
the arrangement of channels, etc.), transmission quality 
monitoring information, timing clock, etc., are read by 
the control signal processing means 26. 
[0084] The optical signal regeneration means 27 in- 
puts and regenerates in a time range the other part of 
the OTDM signal and control light split by the optical 
splitting means 22, and because the control light inten- 
sity is low in comparison to the OTDM signal intensity, 
it is possible to improve the S / N ratio by identifying only 
the OTDM signal. In addition, when frame information 
and a timing clock are necessary at the optical signal 
regenerating means 27, frame information and the tim- 
ing clock detected by the control signal processing 
means 26 are input. 

[0085] Moreover, in the former optical signal regener- 
ation means 27, low intensity light is eliminated without 
using a timing clock, and as is shown in the second ex- 
ample, it is possible use a saturable absorbing body us- 
ing a semiconductor, a nonlinear amplifying loop mirror 
(NALM), 2R and 3R optical signal processing using a 
light transverse injection-type bistable laser, and a 
method using the difference in nonlinear optical effects 
due to the difference in peak power between the OTDM 
signal and the control light. This optical signal regener- 
ator 4 can also use an optical 2R relay (equalization and 
regeneration). 

[0086] In addition, the later optical signal regeneration 
means 27 carries out regeneration of incident light by 
an external optical clock, and as shown in the second 
embodiment, can use a phase sensitive optical amplifier 
(PSA) and a nonlinear optical loop mirror (NOLM). In 
this optical signal regenerator 4, using the timing clock 
from the control signal processing means 26, it is pos- 
sible to carry out optical 3R relay (equalization, retiming, 
regeneration). 

[0087] In this manner, in the regenerated OTDM sig- 
nal, since the control light is not included, it is necessary 
to regenerate the control light, multiplex it with the OT- 
DM signal, and deliver it to the optical transmission fiber. 
Based on the timing clock extracted by the control signal 



processing means 26, the control signal generation 
means 28 generates an optical pulse train having wave- 
length A. 1 (* \ Q ), which is then intensity modulated or 
phase modulated using the information related to optical 
5 time division multiplexing and transmission quality infor- 
mation detected by the control signal processing means 
26, and output. 

[0088] Moreover, the second optical signal regenera- 
tion means that regenerates the control light in the sec- 
10 ond aspect of the invention corresponds here to the op- 
toelectric conversion unit 25, the control signal process- 
ing means 26, and the control signal optical generating 
means 28. 

[0089] The optical pulse waveform of the regenerated 
15 control light output from the control signal generating 
means 28 is broadened in a time range by the optical 
pulse broadening means 29, and converted into control 
light having a sufficiently low peak intensity compared 
to the peak intensity of the OTDM signal. Thereby, the 
regenerated OTDM signal and control light are multi- 
plexed by optical multiplexing means 30, and output to 
the optical transmission fiber 3 after being optically am- 
plified by the optical amplifier 21. At this time, the spe- 
cific relation between the frame head position of the OT- 
DM signal and the frame head position of the control 
light is set. In addition, the polarization relationship be- 
tween the OTDM signal and the control light can be set 
so as to be in a mutually orthogonal state when incident 
on the optical coupling means 30. In addition, the optical 
amplifier 21 can be disposed before or after or on both 
sides of the optical splitting means 22. 
[0090] Fig. 1 0 shows a fifth embodiment of the optical 
transmission system of the present invention. 
[0091] This embodiment is characterized in that, like 
the fourth embodiment, regeneration of the OTDM sig- 
nal and the control light is carried out by the optical sig- 
nal regenerator 4, but the regeneration method of the 
control light differs from that of the fourth embodiment. 
[0092] The OTDM signal and the control light input to 
the optical regenerator 4 are split into two parts by the 
optical splitting means 22- 1 , and one part of the OTDM 
signal and the control light are input into the optical pulse 
narrowing means 24. The optical pulse narrowing 
means 24 restores the control light broadened in a time 
range to the original optical pulse train, and broadens 
the OTDM signal in the time range. The structure shown 
in Figs. 2A - 5 corresponding to the optical pulse broad- 
ening means 13 of the optical transmitter 1 can be used 
as the optical pulse narrowing means 24. This OTDM 
signal and the restored control light are split by the op- 
tical splitting means 25, and one part of the OTDM signal 
and the control light are converted into an electric signal 
by an optoelectric conversion means 25, and the timing 
clock, etc., are read by the control signal processing 
means 26. 

[0093] The optical signal regeneration means 27-2 
inputs the other part of the OTDM signal and the control 
light split by the optical splitter 22 - 2, and regenerates 
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them in a optical domain, but because the OTDM signal 
intensity is low compared to the control light intensity, it 
is possible to identify only the control light. In addition, 
when a timing clock is necessary at the optical signal 
regeneration means 27 - 2, the timing clock detected by 
the control signal processing means 26 is input 
[0094] The optical signal regeneration means 27 - 1 
inputs the other part of the OTDM signal and the control 
light split by the optical splitting means 22 -1 and regen- 
erates them in a time range, but because the control light 
intensity is low compared to the OTDM signal intensity, 
it is possible to improve the S / N ratio by identifying only 
the OTDM signal. In addition, when frame information 
and a timing clock are necessary for the optical signal 
regenerating means 26, the frame information and the 
timing clock detected by the control signal processing 
means 26 are input. For the above optical signal regen- 
eration means 27 - 1 and 27 - 2, it is possible to use the 
same one as is used in the fourth embodiment. 
[0095] Moreover, the second optical signal regenera- 
tion means that regenerates the control light in the sec- 
ond aspect corresponds here to the optical splitting 
means 22 - 2, the optoelectric conversion means 25, the 
control signal processing means 26, and the optical sig- 
nal regeneration means 27 - 2. 
[0096] The optical pulse waveform of the regenerated 
control light output from the control signal generating 
means 27 - 2 is broadened in a time range by the optical 
pulse broadening means 29, and converted into control 
light having a sufficiently low peak intensity compared 
to the peak intensity of the OTDM signal. Thereby, the 
regenerated OTDM signal and control light are multi- 
plexed by the optical multiplexing means 30, and output 
to the optical transmission fiber 3 after being optical am- 
plified by the optical amplifier 21. At this time, the spe- 
cific relation between the frame head position of the OT- 
DM signal and the frame head position of the control 
light is set. In addition, the polarization relationship be- 
tween the OTDM signal and the control light can be set 
so as to be in a mutually orthogonal state when incident 
on the optical coupling means 30. In addition, the optical 
amplifier 21 can be disposed before or on both sides of 
the optical splitting means 22. 
[0097] In the structure of the embodiment shown 
above, the control light with the OTDM signal are multi- 
plexed by the code division multiplexing format (CDM) 
or the dispersion division multiplexing (DDM) format and 
transmitted, the control light only is extracted by select- 
ing the code or dispersion amount of the control signal 
on the receiving side, and the control signal that is in- 
cluded therein as digital data is read. If a correspond- 
ence is made between this relationship between the OT- 
DM signal and the control light and the relationship be- 
tween the signal light and monitor light in the structure 
that measures wavelength dispersion shown in Fig. 21 , 
it is possible to multiplex and transmit the signal light 
and monitor light at the same or nearly the same wave- 
length. Below, an embodiment is explained for this case. 



Moreover, it is possible to use as monitor light of each 
embodiment shown below the control light in each of the 
above-described embodiments. 
[0098] Fig. 1 1 shows a sixth embodiment of the optical 
5 transmission system of the present invention. 

[0099] In the figure, the optical transmitter 1 and the 
optical receiver 2 are connected via the optical trans- 
mission fibers 3 and the optical linear repeaters 5. The 
optical transmitter 1 is structured using a signal light 
10 generation means 1 5, a monitor light generation means 
16, an optical pulse broadening means 13, and an op- 
tical coupling means 14. The optical receiver 2 is struc- 
tured by the wavelength dispersion adjustment means 
41, the optical splitting means 22, the signal light 
is processing means 42, the optical pulse narrowing 
means 24, the optoelectric conversion means 25, the 
monitor clock detection means 43, and the wavelength 
dispersion compensation amount control means 44. 
[0100] The signal light generation means 15 outputs 
20 a signal light having wavelength Xq and bit rate f 0 . The 
monitor light generation means 16 outputs an optical 
pulse train having a wavelength X^ Xq) and a repeating 
frequency f, (< f 0 ). The optical pulse broadening means 
13 broadens the waveform of the optical pulse train in 
25 a time range, and outputs monitor light having a suffi- 
ciently low peak intensity compared to the signal light 
peak intensity. The signal light and the monitor light are 
multiplexed by the optical coupling means 14, and trans- 
mitted by an optical transmission fiber 3 and an optical 
30 linear repeater 3. At this time, it is possible to use the 
minimum region of the optical band pass filter in the op- 
tical linear repeater 5 because the wavelength of the sig- 
nal light and monitor light are nearly the same. Thereby, 
compared to the conventional method which uses mon- 
35 itor light having a wavelength that differs from that of the 
signal light, it is possible to cut out the ASE produced 
by the optical amplifiers and improve the transmission 
characteristics. 

[0101] Moreover, the signal light generating means 15 
40 does not depend on RZ or NRZ modulation if the time 
division multiplexing format is used. In addition, it is pos- 
sible to use the optical time division multiplexing format. 
The monitor light generation means 16 can use a pulse 
light source that is different from that of the signal light 
45 generation means 15, and when using the pulse light 
source as the signal light generation means 1 5, it is pos- 
sible to use an optical pulse train having a repeating fre- 
quency f 0 or an optical pulse train of f 0 / n, which is 1 / 
n of the cycle thereof. 
so [0102] In addition, the polarization relationship be- 
tween the signal light and the monitor light can be arbi- 
trary while incident on the optical coupling means 14, 
but in particular if both are set so as to be in a mutually 
orthogonal state, the interference between the signal 
55 light and the monitor light can be minimized. 

[0103] The transmitted signal light and monitor light 
are wavelength dispersion compensated by the wave- 
length dispersion adjustment means 41 after being op- 
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tically amplified by the optical amplifier 2 1 , and split into 
two parts by the optical splitting means 22. One part of 
the split signal light and monitor light is input into the 
optical pulse narrowing means 24. The optical pulse 
narrowing means 24 restores the monitor light having a 5 
wavelength X } broadened in the time range to the orig- 
inal optical pulse train. Because the optical pulse nar- 
rowing means 24 functions as an optical pulse broad- 
ening means for the signal light, and the waveform of 
the signal light having wavelength Xq is broadened and 10 
output, it is possible to identify only the monitor light. In 
addition, the other part of the split signal light and mon- 
itor light is input into the signal light processing means 

42, but because the monitor light intensity is low in com- 
parison to the signal light intensity, it is possible to iden- 15 
tify only the signal light. 

[0104] The monitor light having wavelength X^ re- 
stored by the optical pulse narrowing means 24 is con- 
verted into an electric signal by the optoelectric conver- 
sion means 25, and the clock component of the monitor 20 
light is detected by the monitor clock detection means 

43. The wavelength dispersion compensation amount 
control means 44 controls the amount of wavelength 
dispersion of the wavelength dispersion adjustment 
means 41 so that the detected clock component is max- 25 
imized. 

[0105] Moreover, in the optical pulse broadening 
means 13 and the optical pulse narrowing means 25, 
the structures shown in Figs. 2A - 5 can be used for the 
control light of the above-described embodiment. 30 
[0106] Fig. 12A shows an example of the structure of 
the monitor clock detection means 43. In this figure, the 
monitor clock detection means 43 is structured from a 
splitting means 46 that splits the electric signal, a low 
pass filter 47-0 that extracts the direct current compo- 35 
nent, a low pass filter 47-1 that extracts the monitor light 
pulse repeating frequency component (ty, a low pass 
filter 47-N that extracts the higher harmonic component 
(Nf 1t N is an integer equal to or greater than 2), and a 
signal processing circuit 48. 40 
[0107] Because the monitor light is an optical pulse 
train, the electric power spectrum of the electric signal 
output from the optoelectric conversion means 25 has 
the monitor light pulse repetition rate component (f,) and 
the higher harmonic component (Nty as shown in Fig. 45 
1 2B. For example, in the case that the optical pulse train 
has a pulse width of 3 ps and a pulse repetition rate of 
1 GHz, the electric power spectrum extends to about 
100 GHz, which corresponds to the direct current com- 
ponent and a pulse width of 3 ps. Each of the low pass 50 
filters 47-0 - 47-N detect the direct current component 
and the repetition rate component (or its higher harmon- 
ic component) from this electric signal, and the signal 
processing circuit 48 outputs as the clock component 
the ratio P(f 1 )/P(0) (or P(Nf 1 )/P(0) of) the repetition rate 55 
component electric power P (t,) (or the higher harmonic 
component electric power PNf,)) and the direct current 
electric power P (0). The wavelength dispersion com- 



pensation amount control means 44 controls the wave- 
length dispersion adjustment means 41 so that the clock 
component output from the monitor clock detection 
means 43 is maximized. 

[0108] Moreover, because the short optical pulse 
waveform of the monitor light changes greatly with the 
fluctuation of the wavelength dispersion of the optical 
transmission fiber, among the clock components detect- 
ed by the monitor clock detection means 43, in particu- 
lar, it fluctuates sensitively to the higher harmonic com- 
ponent, as shown in Fig. 12C, and P (Nf,) / P (0) falls 
more than P (fj) / P (0), and the electric power ratio falls 
much more quickly than the fluctuation of the wave- 
length dispersion. Therefore, for example, when imple- 
menting the system, the optical wavelength dispersion 
compensation amount is found using the P (fj) / P (0), 
having a wavelength dispersion with a large dynamic 
range. In addition, during system use, using P (Nf,) / P 
(0), precise wavelength dispersion adjustment equali- 
zation of the optical transmission fiber is carried out. In 
this manner, according to the present invention, it is al- 
ways possible to carry out optimal wavelength disper- 
sion compensation either during system implementation 
or during system use. 

[01 09] As a wavelength dispersion adjustment means 
41, it is possible to use a method wherein the wave- 
length dispersion characteristics of a chirped optical fib- 
er grating are changed by temperature or tension and 
stress (see M. Kato et al., "A Dispersion Tunable Fiber 
Bragg Grating Compensator Designed to Overcome 
Wavelength Drift", OECC '97, Technical Digest, 9D1-2, 
pp208-209, 1997), etc. 

[0110] Moreover, as a structure for controlling the 
amount of wavelength dispersion of the wavelength dis- 
persion adjustment means 41, in place of the monitor 
clock detection means 43 and the wavelength compen- 
sation amount control means 44, it is possible to use a 
method that measures the Q value of the monitor light. 
That is, the histogram of the light intensity is found by 
sampling the monitor light, the S / N ratio coefficient time 
averaged by this histogram is monitored as the Q value, 
and the amount of wavelength dispersion of the wave- 
length dispersion adjustment means 41 is controlled so 
that this Q value shows a optimum value (see Japanese 
Unexamined Patent Application, First Publication, No. 
10-229659, "Optical Signal Quality Monitor"). 
[0111] Fig. 13 shows a seventh embodiment of the op- 
tical transmission system of the present invention. 
[0112] In contrast to the sixth embodiment, which car- 
ries out wavelength dispersion compensation using the 
wavelength dispersion adjustment means 41 of the op- 
tical receiver 2, a characteristic of the present embodi- 
ment is that the control signal output from the wave- 
length dispersion compensation amount control means 
44 is fed back to the signal light generation means 51 
of the optical transmitter 1 and the monitor light gener- 
ation means 16, and by simultaneously changing the 
wavelength Xq of the signal light and the wavelength X, 
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of the monitor light, wavelength dispersion compensa- 
tion is carried out. 

[0113] The structure of broadening in a time range 
and transmitting the optical pulse waveform of the mon- 
itor light, restoring the original optical pulse at the re- 
ceiving end, and controlling its clock component so as 
to be maximal, is the same as the sixth embodiment. 
Moreover, in this embodiment, because the wavelength 
Xq of the signal light and the wavelength X^ of the mon- 
itor light are set so as to be equal or nearly equal, by 
carrying out wavelength dispersion compensation on 
the monitor light, at the same time it is possible to carry 
out wavelength dispersion compensation on the signal 
light. 

[0114] In addition, it is also possible to combine the 
sixth embodiment and the seventh embodiment, and 
carry out simultaneously wavelength dispersion com- 
pensation by the wavelength dispersion compensation 
means 41 of the optical receiver 2, and control of the 
wavelength Xq of the signal light and the wavelength X^ 
of the monitor light. 

[0115] Fig. 14 shows an eight embodiment of the op- 
tical transmission system of the present invention. 
[0116] The present embodiment is characterized by 
disposing an optical signal regenerating means 27 be- 
fore the signal light processing means 42 of the optical 
receiver 2, eliminating the low level monitor light com- 
ponent, and inputting only the high level signal light com- 
ponent into the signal light processing means 42. There- 
by, it is possible to realize an optical transmission sys- 
tem having good transmission characteristics. The 
present embodiment shows an example of the construc- 
tion adapting the optical receiver 2 of the sixth embodi- 
ment, but it is possible to adapt in the same manner the 
optical receiver 2 of the seventh embodiment. 
[0117] As the optical signal regeneration means 27, it 
is possible to use the above-described saturable ab- 
sorption body, a nonlinear amplified loop mirror (NALM), 
2R or 3R optical signal processing using a light trans- 
verse injection-type bistable laser, etc. In addition, by 
the structure shown in Fig. 7, it is possible to use a meth- 
od employing the difference in nonlinear optical effects 
due to differences between the peak power of the signal 
light and the monitor light. 

[0118] Fig. 15 shows a ninth embodiment of the opti- 
cal transmission system of the present invention. 
[0119] The present embodiment is characterized in 
disposing an optical signal regeneration means 27 be- 
fore the optoelectric conversion means 25 of the optical 
receiver, eliminating the signal light component whose 
peak intensity has been decreased by the optical pulse 
narrowing means 24, and inputting only the high level 
monitor light component to the monitor clock detection 
means 43. Thereby, identifying the monitor light be- 
comes easy. As the optical signal regeneration means 
27, it is possible to use the above described saturable 
absorption body using a semiconductor, a nonlinear am- 
plifier loop mirror, 2R or 3R optical signal processing us- 



ing a light transverse injection-type bistable laser, or a 
method employing the difference in nonlinear optical ef- 
fect due to the difference in peak power of the signal 
light and the monitor light. 

5 [0120] The present embodiment shows an example 
of a structure adapting the optical receiver 2 of the sixth 
embodiment, but it can adapted in the same way to the 
optical receiver 2 of the seventh embodiment. In addi- 
tion, it is possible to dispose an optical signal regener- 

10 ation means 25 before both the signal light processing 
means 42 of the optical receiver 2 and the optoelectric 
conversion means 25. 

[0121] Fig. 16 shows a tenth embodiment of the opti- 
cal transmission system of the present invention. 

15 [0122] The present embodiment is characterized in 
carrying out wavelength dispersion compensation with 
an optical linear repeater 5 appropriately inserted on the 
optical transmission fiber 3 that connects the optical 
transmitter 1 and the optical receiver 2. In the optical 

20 linear repeater 5 of the present embodiment, the struc- 
ture for carrying out wavelength dispersion compensa- 
tion is the same as the optical receiver shown in the sixth 
embodiment. That is, it is structured by an optical am- 
plifier 21, a wavelength dispersion adjustment means 

25 41, an optical splitting means 22, an optical pulse nar- 
rowing means 24, an optoelectric conversion means 25, 
a monitor clock detection means 43, and a wavelength 
dispersion compensation amount control means 44, the 
monitor light having a broadened pulse width is restored 

30 to the original optical pulse train, and the wavelength 
dispersion compensation is controlled so that its clock 
component is maximized. 

[0123] Moreover, as in the ninth embodiment, it is pos- 
sible that an optical signal regeneration means is dis- 
35 posed before the optoelectric conversion means, and 
only the high level monitor light component is input into 
the monitor clock detection means 43. 
[0124] In addition, as shown in Fig. 17, a first wave- 
length adjustment means 41 - 1 having a variable wave- 
40 length dispersion amount is provided before the optical 
splitting means 22, a second wavelength dispersion ad- 
justment means 41 - 2 having a fixed wavelength dis- 
persion amount is provided before the optical pulse nar- 
rowing means 24, and the wavelength dispersion com- 
45 pensation amount control means 44 controls the 
amount of wavelength dispersion compensation of the 
wavelength dispersion adjustment means 41 - 1 so that 
clock component of the monitor light that is dispersion 
compensated via the two wavelength dispersion adjust- 
50 ment means and restored to the optical pulse train by 
the optical pulse narrowing means 24 is maximized. 
[0125] Here, it is possible to adapt a pre-broadening 
method (see Japanese Patent Application, No. Hei 
1 0-1 35337, "Optical Linear Repeater System") that sup- 
55 presses the peak intensity of the optical light delivered 
from the optical linear repeater 5 to the optical transmis- 
sion fiber 3 by adjusting the signal light so that the pulse 
width is set to about 60% of the time slot. Thereby, it is 
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possible to reduce the influence of nonlinear optical ef- 
fects such as self-phase modulation and inter-bit four 
wave mixing between bits, and to implement long dis- 
tance transmission. 

[0126] Moreover, in the above-described optical re- 5 
ceiver in the sixth, eighth, and ninth embodiments and 
in the above-described optical linear repeater 5 in the 
tenth embodiment, it is possible to switch the disposition 
of the optical amplifier 21 with the wavelength dispersion 
adjustment means 41 . 10 
[0127] In this connection, Japanese Unexamined Pat- 
ent Application, First Publication, No. Hei 8-321805 
("Optical Transmission System, Optical Multiplexing 
Transmission System, and their Peripheral Technolo- 
gy") discloses technology wherein the control signal is 15 
superimposed on the main signal by amplitude modula- 
tion and phase modulation, and the wavelength com- 
pensation and channel identification are carried out us- 
ing this control signal at the receiving side. In contrast, 
the optical transmission system of the present invention 20 
has a structure wherein the control light (or monitor light) 
is multiplexed with the OTDM signal (or the signal light) 
by the code division multiplexing format (CDM) or the 
dispersion division multiplexing format (DDM) and 
transmitted, the control light (monitor light) is extracted 25 
by selecting the code or amount of dispersion at the re- 
ceiving side, and the control signal included therein as 
digital data is read. Thus, first, the multiplexing method 
of the control signal with respect to the main signal is 
different. Furthermore, in the optical transmission sys- 30 
tern of the present invention, the information of the frame 
header can be multiplexed with the main signal and 
transmitted, and it is possible to carry out control of, for 
example, forward error correction, which cannot be car- 
ried out from analog information, for example, of the 35 
clock or intensity fluctuations. 

Claims 

40 

1. An optical transmission system that transmits to an 
optical receiver (2) a signal light sent from an optical 
transmitter (1) via a plurality of optical transmission 
fibers connected in serial and an optical linear re- 
peater or an optical regenerator repeater, charac- 45 
terized in: 

an optical transmitter providing: 
an optical time division multiplexed signal gen- 
erating means ( 1 1 ) that outputs an optical time so 
division multiplexed signal (referred to herein- 
below as an "OTDM signal") having a wave- 
length Xq that has a time division multiplexed 
signal light having N lines (N is an integer equal 
to or greater than 2) and having a bit rate mjf 0 55 
(i = 1, 2, .... N, where m 1 is an integer equal to 
or greater than 1) that is an integral multiple of 
the fundamental frequency f 0 ; 



a control light generation means (12) that gen- 
erates control signal light wherein an optical 
pulse train, having a wavelength X 1 equal or al- 
most equal to the wavelength of the OTDM sig- 
nal and having a bit rate kfo that is an integral 
multiple of the fundamental frequency f 0 or a bit 
rate fo/k that is a unit fraction of an integral 
number of the fundamental frequency f 0 that 
are synchronized with the OTDM signal, is 
modulated by control information of said OTSM 
signal; 

an optical pulse broadening means (13) that 
broadens the optical pulse waveform of the 
control signal in a time range, and outputs a 
control light having an optical peak intensity set 
sufficiently low in comparison to the OTDM sig- 
nal peak intensity; and 

an optical coupling means (14) that multiplexes 
the OTDM signal and the control light and de- 
livers them to the optical transmission fiber; and 
an optical receiver providing: 
a light splitting means (22) that splits into two 
parts the transmitted light; 
an optical pulse narrowing means (24) that re- 
stores the control light that includes a part of 
the light split by the optical splitting means to 
the original optical pulse train; 
an optoelectric conversion means (25) that 
converts the output light of the optical pulse 
narrowing means to an electric signal; 
a control signal processing means (26) that ex- 
tracts from the electrical signal information re- 
lating to the optical time division multiplexing of 
the OTDM signal and control information such 
as the timing clock, etc.; and 
an optical time division demultiplexing means 
(23) that, depending on the control information, 
carries out optical time division demultiplexing 
of the OTDM signal into an N line signal light 
included in the other portion of light split by the 
optical splitting means. 

2. An optical transmission system according to Claim 
1 wherein: 

a part or all of a plurality of optical linear repeat- 
ers provide: 

an optical splitting means (22-1) that splits 

transmitted light into two parts; 

a first optical signal regeneration means (27-1) 

that regenerates the OTDM signal included in 

one part of the light split by the optical splitting 

means; 

an optical pulse narrowing means (24) that re- 
stores the control signal included in the other 
part of the light split by the optical splitting 
means to the original optical pulse train; 
a second optical pulse regenerating means 
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least one of the frame information of the time 
division multiplexing, the multiplexed channel 
information, the forward error correction infor- 
mation, or the transmission quality monitoring 
5 information. 

6. An optical transmission system according to Claim 
1 or Claim 2 characterized in the polarization rela- 
tionship between said OTDM signal and said con- 
10 trol light being orthogonal while incident on said op- 
tical coupling means. 



(27-2) that regenerates the optical pulse train 
of the control light output from the optical pulse 
narrowing means; 

an optical pulse broadening means (29) that 
broadens the optical pulse waveform of the re- 
generated control light in a time range, and out- 
puts the control light having an optical peak in- 
tensity set sufficiently low compared to the OT- 
DM signal peak intensity; and 
an optical coupling means (30) that multiplexes 
the regenerated OTDM signal and the control 
light and delivers them to the optical transmis- 
sion fiber. 



3. An optical transmission system according to Claim 
1 wherein said control signal generation means is 
characterized in providing: 

a pulse light source that generates an optical 
pulse train having a bit rate kf 0 that is an integral 
multiple of the fundamental frequency f 0 syn- 
chronous with said OTDM signal or a bit rate f 0 
/ k that is a unit fraction of an integral number 
of the fundamental frequency f 0 synchronous 
with said OTDM signal; and 
an intensity modulator or a phase modulator 
that outputs the control light wherein said opti- 
cal pulse train has been intensity modulated or 
phase modulated by control information 

4. An optical transmission means according to Claim 
1 wherein: 

said control signal light generating means pro- 
vides: 

an optical splitting means that splits an optical 
pulse train having a fundamental frequency f 0 
output from the light source of said optical time 
division multiplexed signal generating means; 
a divider and a multiplier that output an optical 
pulse train having a repeating frequency kf 0 or 
f 0 / k; and 

an intensity modulator or a phase modulator 
that output control light wherein said optical 
pulse train has been intensity modulated or 
phase modulated. 

5. An optical transmission system according to any of 
Claims 1 through 4 wherein: 

said control light that is generated by modulat- 
ing said optical pulse train by control informa- 
tion that includes at least one of the frame in- 
formation of the time division multiplexing, the 
multiplexed channel information, the forward 
error correction information, or the transmis- 
sion quality monitoring information; and 
said control signal processing means reads at 



7. An optical transmission system according to Claim 
1 characterized in an optical signal regeneration 
15 means (27) that outputs only the OTDM signal hav- 
ing a high optical peak intensity being provided be- 
fore the optical time division separation means of 
said optical receiver. 



20 8. An optical transmission system according to Claim 
1 characterized in an optical signal regeneration 
means (27) that outputs only the control light signal 
having a high optical peak intensity being provided 
before the optoelectric conversion means of said 

25 optical receiver. 

9. An optical transmission system that transmits to an 
optical receiving means (2) a signal light sent from 
an optical transmitter (1) via a plurality of optical 
30 transmission fibers (3) connected in serial and an 
optical linear repeater characterized in providing: 

a signal generation means that generates sig- 
nal light having a wavelength X 0 and a bit rate f 0 ; 
35 a monitor light generating means that gener- 

ates monitor light of an optical pulse train hav- 
ing a wavelength ^ equal to or almost equal to 
the wavelength of the signal light and having a 
repetition rate 

4 o an optical pulse broadening means that outputs 

monitor light having an optical peak intensity 
set sufficiently low compared to the signal light 
peak intensity; and 

an optical coupling means that multiplexes sig- 
4 5 nal light and monitor light output from the opti- 

cal pulse broadening means and delivers the 
monitor light to the optical transmission fiber; 
and wherein 

optical receiver provides: 
50 a wavelength dispersion adjustment means 

(41) that provides wavelength dispersion to the 
delivered light; 

an optical splitting means that splits into two 
parts the output light of the wavelength disper- 
55 sion adjustment means and outputs one part to 

a signal light processing means that carries out 
reception processing of the signal light; 
an optical pulse narrowing means that restores 
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the monitor light included in the other part of the 

light split by the optical splitting means to the 

original optical pulse train; 

an optoelectric conversion means that converts 

the output light of the optical pulse narrowing 

means into an electric signal; 

a monitor clock detection means that detects 

the clock component of the monitor light from 

the electric signal; and 

a wavelength dispersion compensation amount 
control means that controls the wavelength dis- 
persion compensation amount of the wave- 
length dispersion adjustment means so that the 
clock component is maximized. 

10. An optical transmission system according to Claim 
9 characterized in a structure in which a wavelength 
dispersion compensation amount control means 
controls the wavelength of the signal light generat- 
ing means and the monitor light generating means 
of the light transmitter so that the clock component 
detected by the monitor detection means is maxi- 
mal, instead of providing a wavelength dispersion 
adjustment means in the optical receiver. 

11. An optical transmission means according to Claim 
9 wherein 

a part or all of a plurality of optical linear repeat- 
ers providing: 

a wavelength dispersion adjustment means 
that provides wavelength dispersion to the de- 
livered light; 

an optical splitting means that splits into two 
parts the output light of the wavelength disper- 
sion adjustment means and outputs this part to 
the optical transmission fiber; 
an optical pulse narrowing means that restores 
the monitor light included in the other part of the 
light split by the optical splitting means to the 
original optical pulse train; 
an optoelectric conversion means that converts 
the output light of the optical pulse narrowing 
means into an electric signal; 
a monitor clock detection means that detects 
the clock component of the monitor light from 
the electric signal; and 

a wavelength dispersion compensation amount 
control means that controls the wavelength dis- 
persion compensation amount of the wave- 
length dispersion adjustment means so that the 
clock component is maximal. 

12. An optical transmission system according to Claims 
9 and 1 0 characterized in said monitor light gener- 
ating means splitting the optical pulse train having 
a repetition rate f 0 output from the optical source of 
said signal light generating means, and using this 



optical pulse train or an optical pulse train having a 
repeating frequency f 0 / n with a 1 / n cycle. 

13. An optical transmission system according to Claims 
5 9 and 1 0 characterized in the polarization relation- 
ship between said signal light and said monitor light 
being orthogonal when incident on said optical cou- 
pling means. 

10 14. An optical transmission system according to any of 
Claims 9, 10, and 11 characterized in said monitor 
clock detection means detecting the direct compo- 
nent and the repetition rate component (f,) of the 
monitor light and its higher harmonic component 
(Nf 1t where N is an integer equal to or greater than 
2), and outputting the ratio P (f^/PfO) of the repeti- 
tion rate component electrical power P (f,) and the 
direct current electrical power P (0) or the ratio P 
(Nf 1 )/P(0) of the harmonic component electric pow- 
er (Nf,) and the direct current electrical power P (0). 

15. An optical transmission system according to Claims 
9 and 10 characterized in providing an optical signal 
regenerating means (27) that outputs only a high 
optical peak intensity before the signal light 
processing means of said optical receiver. 

16. An optical transmission system according to any of 
Claims 9, 10, and 11 characterized in providing an 
optical signal regeneration means (27) that outputs 
only monitor light having a high optical peak inten- 
sity before said optical receiver or the optoelectric 
conversion means of said optical linear repeater. 

17. An optical transmission system according to any of 
Claims 1, 2, and 9 through 11 wherein: 

said optical pulse broadening means splits into 
a plurality of parts the optical frequency com- 
ponent of an optical pulse, applies phase mod- 
ulation, intensity modulation, or phase modula- 
tion and intensity modulation of differing degree 
to each frequency component by phase modu- 
lation, intensity modulation, or phase modula- 
tion and intensity modulation set based on a 
certain fixed code sequence, and outputs a 
control light or monitor light whose waveform is 
broadened on the time axis by being multi- 
plexed with each frequency component; and 
said optical pulse narrowing means divides into 
a plurality of parts the optical frequency com- 
ponent of said control light or monitor light, ap- 
plies phase modulation, intensity modulation, 
or phase modulation and intensity modulation 
of differing degree to each frequency compo- 
nent by phase modulation, intensity modula- 
tion, or phase modulation and intensity modu- 
lation set based on a certain code sequence 
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that is the reverse of that of said optical pulse 
broadening means, and outputs an optical 
pulse train whose optical waveform has re- 
turned to the original on the time axis by being 
multiplexed with each frequency component. 5 

18. An optical transmission system according to any of 
Claims 1, 2, and 9 through 11 wherein: 

said optical pulse broadening means uses a 10 
first wavelength dispersion imparting means 
having a wavelength dispersion amount (D (ps 
/ nm)) of only the sufficiently broadened pulse 
width of the optical pulse; and 
said optical pulse narrowing means uses a sec- *5 
ond wavelength dispersion imparting means 
having a wavelength dispersion amount (-D (ps 
/ nm)) of a code that is the reverse of that of 
said optical pulse broadening means. 

20 

19. An optical transmission system according to Claim 
1 and 2 characterized in said optical receiver or said 
optical regenerator repeater providing: 

a wavelength dispersion adjustment means 25 
(41) that applies wavelength dispersion to the 
transmitted light that is disposed before said 
optical splitting means; 

a monitor clock detection means (43) that de- 
tects the clock component of said control light 30 
from the electric signal output from said optoe- 
lectric conversion means; and 
a wavelength compensation amount control 
means (44) that controls the wavelength dis- 
persion compensation amount so that said 35 
clock component is maximal. 
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